Liver microsomes of various rodents (mouse, rat, rabbit, and hamster) metabolize isoprene (2-methyl-1,3-butadiene) to the corresponding monoepoxides 3,4-epoxy-3-methyl-1-butene and 3,4-epoxy-2-methyl-1-butene. 3,4-Epoxy-3-methyl-1-butene (half-life 85 min) was found to be the main metabolite, although the stable 3,4-epoxy-2-methyl-1-butene was also formed (about 14-25% with respect to the main epoxide). The kinetic constants (Km and Vmn) for the formation ofthe major epoxidic metabolite of isoprene were determined by gas-liquid chromatography. The minor epoxide was further epoxidized to the isoprene dioxide by the microsomes of all rodents studied. The Km and Vm.. were determined and phenobarbital was found to be a good inducer for this epoxidation in all species. The mutagenic activity, using Salmonella typhimurium, and the chemical reactivity (alkylating power and half-life) of the epoxide metabolites of isoprene were investigated and compared to those of other structurally related epoxides. Isoprene and the monoepoxide intermediates of the isoprene biotransformation were not mutagenic in Salmonella typhimurium. However, the isoprene dioxide (2-methyl-1,2,3,4-diepoxybutane) was found to be mutagenic and have alkylating power towards nicotinamide, similar to the structurally corresponding 1,2,3,4-diepoxybutane. In conclusion, the metabolism of isoprene does not lead to the formation of mutagenic monoepoxide (in contrast to butadiene) but the formation of mutagenic and presumably carcinogenic isoprene diepoxide is possible, thereby a genotoxic effect of isoprene in rodents or other species cannot be ruled out.
Introduction
Isoprene (2-methyl-1,3-butadiene), an important monomer used extensively in industry and largely derived from petroleum cracking, is also the monomeric unit of naturally occurring terpenes. It is also a spontaneous product of emission from many plant species (1) . This paper presents our study results on the in vitro biotransformation of isoprene by hepatic subcellular fractions from various rodent species. Additionally, mutagenicity and chemical reactivity of epoxidic intermediates of isoprene metabolism are reported.
While the results of these biochemical and genetic observations in rodents may not be directly related to the consequences of human occupational exposure, it is hoped that they will provide some indication for future epidemiological and industrial hygiene investigations.
Metabolism
Isoprene is readily metabolized, at least in small concentrations, in rats and in mice (1, 2) and it is partially converted into polar epoxidic metabolites. In our earlier studies, we found that the biotransformation of isoprene involves microsomal P-450-dependent monooxygenases (3, 4 
Mutagenicity and Chemical Reactivity
Isoprene was not mutagenic in five strains of Salmonella typhimurium, even after metabolic activation using rat-liver microsomes (5,6). The mutagenic activities of isoprene epoxides and, for comparison, butadiene epoxides were tested with Salmonella typhimurium strains TA98 and TA100 (7). All epoxides were assayed with the standard-plate incorporation test, without metabolic activation since they are direct-alkylating compounds. Among the epoxide metabolites of isoprene only the diepoxide proved to be mutagenic in TA100 strain with a linear dose-effect relationship, while the structurally related butadiene epoxides all showed mutagenic activities in TA100, in agreement with published data (8) .
To study the correlation between mutagenic activities of oxiranes and their chemical properties, Table 3 shows: the mutagenic activity of isoprene and butadiene epoxides at 0.15 mM concentrations, measured from the linear part of the dose-effect relationship; the half-lives ofepoxides in Tris-buffer, pH 7.4, determined by a GLC; and the alkylation rates of epoxides towards nicotinamide, a nucleophilic target (9) . EPOX-I the main metabolite of isoprene, was neither mutagenic nor alkylating although its reactivity towards water was high.
By contrast, the corresponding epoxide without the methyl group in the oxirane ring, 1,2-epoxy-3-butene, although less reactive towards water than EPOX-I, was an active alkylating agent and mutagenic to Salmonella. A similar effect of methyl as a substituent in the oxirane ring has been found for other compounds. a-Methyl styrene oxide, 2-methyl propylene oxide, and 1,2-epoxy-2-methylbutane did not show mutagenic activity (10) while the corresponding styrene oxide, propylene oxide and 1,2-epoxybutane were mutagenic and had alkylating activity (7) . The methyl substitution in the oxirane ring causes a steric hindrance. Because of its 
Conclusions
Isoprene metabolism showed the same pattern in all rodent species studied; in contrast to the metabolism of the analogs butadiene (12) or other conjugated olefins (13), it did not result in mutagenic monoepoxide intermediates.
The ratios between the isoprene monoepoxides formed were similar in all rodents studied. Although only 3,4-epoxy-2-methyl-1-butene, the monoepoxide produced in small amount, was able to be further oxidized by P-450-dependent monooxygenases to the mutagenic isoprene diepoxide, a possible mutagenic and/or carcinogenic potential of isoprene still remains. However, investigators need to clarify whether a similar metabolic pattern occurs in extrahepatic rodent tissues and, more important, in human tissues and in other living species.
